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(54) Method of making a borate phosphor having a discrete particle morphology 



(57) A flux is described for making borate phosphors 
with a discrete particle morphology. The flux Is com- 
prised of a salt of barium, sodium, potassium, or a com- 



bination thereof. The discrete particle morphology per- 
mits the borate phosphors to be used directly without 
deaggiomeration. 
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Description 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

[0001] This application claims the benefit of U.S. Pro- 
visional Application 60/198,707, filed 4/20/00. 

TECHNICAL FIELD 

[0002] This invention relates to borate phosphors and 
methods of making borate phosphors. In particular, this 
invention relates to flux materials for making yttrium 
gadolinium borate phosphors. 

BACKGROUND ART 

[0003] The phosphor hosts YB0 3 and GdB0 3 have 
been known for a long time. For example, Avella et al. 
described in 1967 the luminescence of these materials 
activated with terbium or europium under cathode ray 
excitation. J. Electrochem. Soc. 114 (1 967) 61 3. Yet, un- 
til recently, these materials have seen little commercial 
use because less expensive and/or more efficient phos- 
phors were available for general lighting and cathode 
ray applications. 

[0004] With the advent of plasma display pane! (PDP) 
technology, there has been a renewed interest in these 
phosphors, especially the red-emitting europium-acti- 
vated phosphors. The reason for the renewed interest 
derives from the ability of these materials to convert xe- 
non plasma radiation (about 147 nm to about 172 nm) 
into visible light better than most other PDP phosphor 
candidates. In fact, europium-activated solid solutions 
of YB0 3 and GdB0 3 are the phosphors of choice for 
PDP flat panel display technology. 
[0005] The conventional method of synthesis for 
these materials as described by Avella et al. is less than 
desirable for PDP applications. The phosphor produced 
by the conventional method Is highly agglomerated 
which makes it difficult for PDP panel manufacturers to 
apply smooth, uniform phosphor coatings. Furthermore, 
conventional deaggomeration methods such as milling 
are undesirable since they tend to reduce the brightness 
of the phosphor. Thus, it would be an advantage to pro- 
vide a phosphor having a discrete particle morphology 
which does not require deagglomeratlon. 

SUMMARY OF THE INVENTION 

[0006] it is an object of the invention to obviate the 
disadvantages of the prior art, 
[0007] It is another object of the invention to provide 
a method of making a borate phosphor having a discrete 
particle morphology without deagglomeration. 
[0008] In accordance with one object the invention, 
there is provided a method of making a borate phosphor 
having a discrete particle morphology. The phosphor 



has the general formula: 

(Y 1 . x . yI Gd x ,Ac y )B0 3 

where Ac is a trivalent rare earth element; 
xis from Oto 1-y; 

y is from greater than 0 to about 0.2; 

[0009] The method comprises forming a mixture of yt- 
trium oxide, gadolinium oxide, an oxide of the rare earth 
element, boric acid and a flux, the flux comprising a salt 
of barium, sodium, potassium, or a combination thereof; 
and firing the mixture at a temperature and for a time 
sufficient to form the phosphor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 0] Fig. 1 is a scanning electron microscopy (SEM) 
photomicrograph of a borate phosphor prepared by a 
prior art method. 

[001 1 ] Figs. 2-1 8 are SEM photomicrographs of phos- 
phors having the same composition as the phosphor in 
Fig. 1 and prepared by the method of this Invention. 
[0012] Figs. 19-21 are SEM photomicrographs of 
phosphors having the same composition as the phos- 
phor in Fig. 1 and prepared with alkaline metal salt fluxes 
which do not promote the formation of discrete particles. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0013] For a better understanding of the present in- 
vention, together with other and further objects, advan- 
tages and capabilities thereof, reference is made to the 
following disclosure and appended claims taken in con- 
junction with the above-described drawings. 
[0014] A method for directly synthesizing borate 
phosphors having a discrete particle morphology has 
been invented. These borate phosphors may be repre- 
sented by the general formula: 

( Y i.x r Gd x Ac y )B0 3 

where Ac is a trivalent rare earth element; 
xis from Oto 1-y; 

y is from greater than 0 to about 0.2. 

[0015] Preferably, the borate phosphors have the 
general formula: 

( Y (i-x-y) Gd xAc y )B0 3 , 

where Ac is either Eu orTb; 
x is from 0 to 1 -y; 

and y is from about 0.01 to about 0.10. 
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[001 6] The discrete particle morphology results from 
the use of a flux which is comprised of a salt of barium, 
sodium, potassium, or a combination thereof. Preferred 
salts include halides, nitrates or carbonates. The flux is 
added to a stoichiometric mixture of yttrium oxide, gado- s 
linium oxide, an oxide of the rare earth element activator, 
and boric acid. Preferably, an excess of about 1 0 mole 
percent boric acid is present in the mixture. The total 
amount of the salt flux preferably comprises from about 
0.1% to about 100% of the weight of the oxides in the w 
phosphor formulation. The residual amount of the metal 
cations from the fluxes is less than about 500 ppm in the 
resulting phosphors. The phosphors made by this meth- 
od have a discrete particle morphology, i.e., comprise 
primarily nonaggiomerated single crystallites. This al- 15 
lows the phosphors to be used directly by PDP panel 
manufacturers without an additional deagglomeratlon 
step which can reduce brightness. 
[0017] The following non-limiting examples are pre- 
sented. The weight percentages of the fluxes are given 20 
as the percentage of the weight of the mixed oxide com- 
ponent, (Y 0730 Gd 0 ^ 18 Eu 0 052)303. 

EXAMPLE 1 - Control 

25 

[001 8] The control phosphor was prepared by a con- 
ventional synthesis method. Twenty grams of a mixed 
oxide of the composition (Yo.73 0 Gd 0 . 218 Eu 0 . 052 ) 2 0 3 was 
compounded with 10.4 grams of H 3 B0 3 and first step 
fired at 500°C in air for about 5 hours. This composition 30 
contains about a 10 mole% excess of H 3 B0 3 . The fired 
cake was then cooled and lightly ground to pass a 1 00- 
mesh sieve and then fired at 925°C for about 5 hours. 
The resulting cake was cooled and washed using a 
magnetic stirrer and about 3 liters of hot deionized (D!) 35 
water. The washed material was then passed through a 
25 micron screen and dried. An SEM photomicrograph 
of the finished phosphor is shown as Fig. 1 . The phos- 
phor particles produced by the conventional method are 
highly agglomerated. While these agglomerates maybe 40 
be reduced to single crystallites, it would be necessary 
to subject the phosphor to further processing, such as 
milling. 

Barium Salt Fluxes 45 

Example 2-0.26 wt.% BaCl 9 -2H 0 0 

[001 9] A 0.052 gram amount of BaCI 2 -2H 2 0 was com- 
pounded with the components of Example 1 and proc- so 
essed under the same conditions. An SEM photomicro- 
graph of the finished phosphor is shown as Fig. 2. The 
phosphor exhibits a discrete particle morphology as 
compared to Example 1 . 

55 

Example 3 - 2.6 wt.% BaClo'.2H»0 

[0020] A 0.520 gram amount of BaCI 2 .2H 2 0 was add- 



ed to the components of Example 1 and processed un- 
der the same. conditions. An SEM photomicrograph of 
the finished phosphor is shown as Fig. 3, Again, the 
phosphor exhibits a discrete particle morphology as 
compared to Example ! 

Example 4 - 1 0.4 wt.% BaClo*2HoO 

[0021 ] A 2.08 gram amount of BaCI 2 .2H 2 0 was added 
to the components of Example 1 and processed under 
the same conditions. An SEM photomicrograph of the 
finished phosphor is shown as Fig. 4. Again, the phos- 
phor exhibits a discrete particle morphology as com- 
pared to Example 1 . 

Example 5 - 26 wt.% BaCU-2HoO 

[0022] A 5.2 gram amount of BaCI 2 .2H 2 0 was added 
to the components of Example 1 and processed under 
the same conditions, except the second firing tempera- 
ture was 1050 *C. An SEM photomicrograph of the fin- 
ished phosphor is shown as Fig. 5. Again, the phosphor 
exhibits a discrete particle morphology as compared to 
Example 1 . 

Example 6. 104 wt% BaCio>2HoO 

[0023] A20.8 gram amount of BaCI 2 .2H 2 0 was added 
to the components of Example 1 and processed under 
the same conditions, except the second firing tempera- 
ture was 1050 °C. An SEM photomicrograph of the fin- 
ished phosphor is shown as Fig. 6. Again, the phosphor 
exhibits a discrete particle morphology as compared to 
Example' 1. . 

[0024] The above examples demonstrate that there is 
no apparent upper limit on the amount of flux that can 
be used to produce the discrete particle morphology. 
Therefore, the flux amount can be selected based on 
practical manufacturing considerations. 

Example 7 - 8 wt.% BaBro-2K,0 

[0025] A 1 .60 gram amount of BaBr 2 .2H 2 0 was add- 
ed to the components of Example 1 and processed un- 
der the same conditions, except the second firing tem- 
perature was 950 °C. An SEM photomicrograph of the 
finished phosphor Is shown as Fig. 7. As with Examples 
2-6, the phosphor exhibited a discrete particle morphol- 
ogy. 

Example 6 - 8 wt.% BafNCMo 

[0026] A 1 .60 gram amount of Ba(N0 3 ) 2 was added 
to the components of Example 1 and processed under 
the same conditions, except the second firing tempera- 
ture was 950 °C. An SEM photomicrograph of the fin- 
ished phosphor is shown as Fig. 8. As with Examples 
2-7, the phosphor exhibits a discrete particle morpholo- 
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gy as compared to Example 1 . 
Example 9 - 8 wt.% BaCO a 

[0027] A 1 .60 gram amount of BaC0 3 was added to 
the components of Example 1 and processed under the 
same conditions, except the second firing temperature 
was 950 °C. An SEM photomicrograph of the finished 
phosphor is shown as Fig. 9. As with the use of the other 
barium salts, the phosphor exhibits a discrete particle 
morphology as compared to Example 1. 

Sodium Salt Fluxes 

Example 10-8 wt.% NaCI 

[0028] A 1 .60 gram amount of NaCI was added to the 
components of Example 1 and processed under the 
same conditions, except the second firing temperature 
was 875 *C. An SEM photomicrograph of the finished 
phosphor is shown as Fig. 10. As can be seen from the 
SEM photomicrograph, the phosphor exhibits a discrete 
particle morphology as compared to Example 1 . 

Example 11-8 wt.% NaBr 

[0029] A 1 .60 gram amount of NaBr was added to the 
components of Example 1 and processed under the 
same conditions, except the second firing temperature 
was 925°C. An SEM photomicrograph of the finished 
phosphor is shown as Fig. 1 1 . Again, there is a discrete 
particle morphology as compared to Example 1 . 

Example 12-8 wt.% Nal 

[0030] A 1 .60 gram amount of Nal was added to the 
components of Example 1 and processed under the 
same conditions, except the second firing temperature 
was 925 °C. An SEM photomicrograph of the finished 
phosphor is shown as Fig. 12. Again, there is a discrete 
particle morphology as compared to Example 1 . 

Potassium Salt Fluxes 

Example 13 -8 wt.% KCI 

[0031] A 1 .60 gram amount of KCI was added to the 
components of Example 1 and processed under the 
same conditions, except the second firing temperature 
was 925 °C. An SEM photomicrograph of the finished 
phosphor is shown as Fig. 13. Again there Is a discrete 
particle morphology as compared to Example 1, 

Example 14 -8 wt.% KBr 

[0032] A 1 .60 gram amount of KBr was added to the 
components of Example 1 and processed under the 
same conditions, except the second firing temperature 



was 925 °C. An SEM photomicrograph of the finished 
phosphor is shown as Fig. 14. Again there is a discrete 
particle morphology as compared to Example 1 . 

s Example 15 -8 wt.% Kl 

[0033] A 1 .60 gram amount of Kl was added to the 
components of Example 1 and processed under the 
same conditions, except the second firing temperature 
was 925 Q C. An SEM photomicrograph of the finished 
phosphor is shown as Fig. 1 5. Again there is a discrete 
particle morphology as compared to Example 1 . 

Combinations of Salts 

Example 1 6 - 1 .5 wt.% NaCI and 1 .5 wt.% BaClo»2H 0 0 

[0034] A 0.31 gram amount of NaCI and a 0.31 gram 
amount of BaCI 2 -2H 2 0 were added to the components 
of Example 1 and processed underthe same conditions, 
except the second firing temperature was 875 W C. An 
SEM photomicrograph of the finished phosphor is 
shown as Fig. 1 6. As with the single component fluxes, 
there Is a discrete particle morphology as compared to 
Example 1 . 

Example 17-14 wt.% NaCI and 14 wt.% BaCI 9 »2HoO 

[0035] A 2.81 gram amount of NaCI and a 2.81 gram 
amount of BaCI 2 .2H 2 0 were added to the components 
of Example 1 and processed underthe same conditions, 
except the second firing temperature was 875 °C. An 
SEM photomicrograph of the finished phosphor is 
shown as Fig. 1 7. Again, there is a discrete particle mor- 
phology as compared to Example 1 . 

Example 18-5.2 wt.% KCI and 5.2 wt.% BaClo*2HoO 

[0036] A 1 .04 gram amount of KCI and a 1 .04 gram 
amount of BaCI 2 .2H 2 0 were added to the components 
of Example 1 and processed underthe same conditions, 
except the second firing temperature was 900 °C. An 
SEM photomicrograph of the finished phosphor is 
shown as Fig. 1 8. Again, there is a discrete particle mor- 
phology as compared to Example 1 . 

Other Alkaline Metal Salt Fluxes 

Example 19-5.2 wt% MgCl? 

[0037] A 1.04 gram amount of MgCI 2 was added to 
the components of Example 1 and processed underthe 
same conditions, except the second firing temperature 
was 900 °C. An SEM photomicrograph of the finished 
phosphor is shown as Fig. 19. Unlike the other phos- 
phors made with Ba, Na and K salt fluxes, this phosphor 
does not show an improvement in particle discreteness 
as compared to Example 1 . 
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Example 20 - 8 wt.% SrCI 9 

[0038] A 1 .60 gram amount of SrCI 2 was added to the 
components of Example 1 and processed under the 
same conditions, except the second firing temperature 
was 925 °C. An SEM photomicrograph of the finished 
phosphor is shown as Fig. 20, Again, this phosphor does 
not show an improvement in particle discreteness as 
compared to Example 1 . 

Example 21 - 8 wt.% CaCI 0 

[0039] A 1.60 gram amount of CaCI 2 was added to 
the components of Example 1 and processed under the 
same conditions, except the second firing temperature 
was 950 °C. An SEM photomicrograph of the finished 
phosphor is shown as Fig. 21 . Again, this phosphor does 
not show an improvement In particle discreteness as 
compared to Example 1 ; 

[0040] While there has been shown and described 
what are at the present considered the preferred em- 
bodiments of the invention, It will be obvious to those 
skilled In the art that various changes and modifications 
may be made therein without departing from the' scope 
of the invention as defined by the appended claims. 



Claims 

1 . A method of making a borate phosphor having a dis- 
crete particle morphology, the phosphor having the 
general formula: 



(Yi-x-y.Gd x Ac y )B0 3 

where Ac is a trlvalent rare earth element; 
x is from 0 to 1 -y; 

y is from greater than 0 to about 0.2; 

the method comprising forming a mixture of 
yttrium oxide, gadolinium oxide, an oxide of the rare 
earth element, boric acid and a flux, the flux com- 
prising a salt of barium, sodium, potassium, or a 
combination thereof; and firing the mixture at a.tem- 
perature and for a time sufficient to form the phos- 
phor. 

2. The method of claim 1 wherein the flux comprises 
a halide of barium, sodium, potassium, or a combi- 
nation thereof. 

3. The method of claim 1 wherein the flux is a carbon- 
ate or nitrate of barium, sodium or potassium. 

4. The method of claim 1 wherein the amount of the 
flux is from 0.1% to 100% of the weight of the ox- 
Ides. 
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A method of making a borate phosphor having a dis- 
crete particle morphology, the phosphor having the 
general formula: 

.(Vx-y) Gd xAc y )B0 3 

where Ac is either Eu or Tb; 
x is from 0 to 1 -y; 

and y is from about 0.01 to about 0.1 0; 

the method comprising forming a mixture of 
yttrium oxide, gadolinium oxide, europium oxide or 
terbium oxide, boric acid and a flux, the flux com- 
prising a salt of barium, sodium, potassium, or a 
combination thereof; and firing the mixture at a tem- 
perature and for a time sufficient to form the phos- 
phor. 

20 6. The method of claim 5 wherein the flux comprises 
a halide of barium, sodium, potassium, or a combi- 
nation thereof. 

7. The method of claim 5 wherein the fiux is a carbon- 
ate or nitrate of barium, sodium or potassium. 

8. The method of claim 5 wherein the amount of the 
flux is from 0.1% to 100% of the weight of the ox- 
ides. 

9. The method of claim 5 wherein the flux Is 
BaCI 2 .2H 2 0. 
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10. The method of claim 5 wherein the flux is 
35 BaBr2*2H 2 0. 

11. The method of claim 5 wherein the flux is BaC0 3 . 

12. The method of claim 5 wherein the flux Is Ba(N0 3 ) 2 . 
40 * 

13. The method of claim 5 wherein the flux is NaCI. 

14. The method of claim 5 wherein the flux is NaBr. 
4* 15. The method of claim 5 wherein the flux is Nal. 

1 6. The method of claim 5 wherein the flux is KCI. 

17. The method of claim 5 wherein the flux is KBr. 
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18. The method of claim 5 wherein the flux is Kl. 

19. The method of claim 5 wherein the flux is a combi- 
nation of NaCI and BaCI 2 -2H 2 0. 

20. The method of claim 5 wherein the flux is a combi- 
nation of KCI and BaCI 2 -2H 2 0. 
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